The kinetics of reaction of the exposed ribosomal proteins from Escherichia coli toward N-ethylmaleimide (NEM) have been studied. While most of the proteins from the 30S subunit react rapidly with NEM and plateau levels can be reached, most of the proteins from the 50S subunit show biphasic uptake kinetics. Furthermore, differences have been observed in the reactivity of proteins toward NEM depending on whether the protein is in the free subunit or in the 70S ribosome.
Chemical modification of proteins by groupspecific reagents has been a very useful procedure for studying the surface topography of either the ribosome or its subunits. Owing to their specificity of reaction, those that are reactive toward the sulfhydryl group have been extensively studied (F. N. Chang, J. Mol. Biol., in press; 5, 8). The proteins from the 30S subunit have been shown to be more reactive towards sulfhydryl reagents than those from the 50S subunit (5, 8) . Despite these efforts, kinetic studies on the uptake of the sulfhydryl reagents have not been carried out on the exposed proteins. The column chromatographic procedures used by most workers are tedious. The recently developed two-dimensional polyacrylamide gel electrophoresis procedure by Kaltschmidt and Wittman (4) offers the possibility for studying the kinetics of uptake of each protein toward a sulfhydryl reagent. Such studies are clearly necessary to draw conclusions about ribosomal protein conformational changes which have been implicated in the dissociation of the 70S ribosomes to subunits (F. N. Chang, J. Mol. Biol., in press; 3).
In this communication we have compared the kinetics of N-ethylmaleimide (NEM) uptake of the exposed proteins that are present either in the free subunit or in the 70S ribosome. We have observed marked differences in the kinetics of uptake between the 30 and 50S proteins. Furthermore, differences in uptake kinetics are also found for a few proteins, depending on whether they are in the free subunit or in the 70S ribosome. Figure 1 shows the early kinetics of uptake of 14C-NEM of the four exposed proteins which are present either in the free 30S particle (Fig. la) or in the 30S moiety of the 70S ribosome (Fig.  lb) . Several conclusions can be reached from these studies. (i) S18 appears to be the first protein to be labeled regardless of whether it is in the 30S or in the 70S particle, although slightly faster kinetics are observed when it is in the 70S ribosome. This is consistent with the results of Moore (5), who demonstrated that S18 is the protein responsible for the NEM-induced loss of ribosome activity. (ii) S1 is the second most reactive protein, and the labeling kinetics suggest that it is more reactive in the 30S subunit than in the 70S particle. (iii) S2 is slightly more reactive when it is in the 70S particle. Although not shown in the figure, the NEM uptake of either S1 or S2 is still continuing at a very slow rate at 10 min, but reaches plateau levels at 30 min in other experiments. Thus, most of the exposed proteins present either in the 30S subunit or in the 30S moiety of the 70S ribosome show saturation kinetics. Figure 2 shows the kinetics of uptake of NEM of the proteins that are either in the free 50S subunit (Fig. 2a) or in the 50S moiety of the 70S particle (Fig. 2b) . Unlike the exposed proteins from the 30S subunit, the proteins from the 50S subunit are less reactive initially toward NEM. This confirms the results of Slobin (8) who used iodoacetic acid to label sulfhydryl groups. In addition, most proteins showed biphasic uptake kinetics with the faster reactions completed in about 2 min at 37 C. In other experiments, we have found that even in 30 min at 37 C, the proteins remain reactive toward NEM. This is in contrast with the proteins of the 30S subunit (compare Fig. la and 2a; Fig. lb and 2b) . The slower reaction could be due to the gradual exposure of the sulfhydryl groups although NOTES J. BACTERIOL. Kinetics of uptake of 14C-NEM of the exposed proteins from 30S subunit (a) and 70S ribosome (b) at 37 C. 70S ribosomes were prepared from Escherichia coli strain Q13 by modification of the procedure of Nirenberg and Matthaei (7) as described previously (1) (4) . The pH of the first dimension run was 8.6. After electrophoresis, the radioactiuity in the gels was determined by the method of Nashimoto et al. (6) . other explanations are possible. One of the proteins (L17) appears to be more reactive when it is present in the 50S subunit than in the 70S ribosome. Two other proteins from the 50S subunit (L5 and L9) are also labeled to some extent. These were not presented because variable results were obtained from different experiments. In all of the above studies, we have assumed that NEM reacts specifically with the sulfhydryl groups. Although it is not critical for the arguments presented above, we cannot rule out the possibility of the involvement of other residues of the ribosome to react with NEM.
In conclusion, we have shown, through the study of kinetics of uptake, that the two ribosomal subunits react differently toward NEM and that there are differences in the reactivity of proteins toward NEM depending on whether the protein is in the free subunit or in the 70S particle. Such differences in reactivity of different proteins are most likely due to conformational change rather than their sites of residence within ribosomal particles. LITERATURE CITED
